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TEcrnICAL MEMORANDUM x-35 
EF'FETS O F  VERTICALTAIL SIZE AND A VENTRAL FIN ON TEE 
STATIC LATHiAL AM) DIRZCTIONAL STABILITY DERIVATIVES 
By Walter B. Olstad 
An investigation was made of the e f fec ts  of ve r t i ca l - t a i l  s i ze  and 
a ventral  fin on the s t a t i c  lateral and direct ional  s t a b i l i t y  derivatives 
of a 0.048-scale model of a horizontal-attitude vertical-take-off-ad- 
ianding (VTOL) airplane. 
t o  1.2, with angles of attack up t o  25' and angles of s ides l ip  of Oo, 
-3.250, and -6.50~. 
The model was tested at  Mach numbers from 0.6 
The resu l t s  indicated tha t  the addition of the small ve r t i ca l  t a i l  
resul ted in a directionally s%able configuration for  angles of a t tack 
up t o  a t  l ea s t  llo. U s e  of a ver t ica l  t a i l  with a 33-percent greater 
exposed area increased the directional-stabil i ty contribution of the 
ve r t i ca l  t a i l  by approximately 15 t o  20 percent throughout most of the 
Mach number range. 
the  configuration with the large ver t ica l  ta i l .  
t r a l  f in t o  the  configuration produced no noticeable change in the 
lateral and direct ional  derivatives. 
direct ional-s tabi l i ty  contribution of the horizontal t a i l  was generally 
from 39 t o  49 percent of the s t a b i l i t y  contribution of the s m a l l  vert i -  
cal tai l .  
increasing angle of attack. The -30° dihedral angle of the horizontal  
t a i l  produced a large negative increment i n  the effect ive dihedral. A 
rapid increase in pitching-moment coefficient with increasing angle of 
s ides l ip  was produced by the combined ef fec ts  of horizontal- ta i l  nega- 
t i v e  dihedral, high wing position, and l o w  horizontal-tail  position. 
The effective dihedral was generally posit ive f o r  
The addition of a ven- 
A t  an angle of a t tack of Oo, the 




An investigation has been conducted a t  transonic speeds i n  the  
Langley 8-foot transonic pressure tunnel t o  determine the  e f f ec t s  of 
horizontal-tail  negative dihedral, v e r t i c a l - t a i l  s i z e ,  and ventral  f i n s  
on the  aerodynamic charac te r i s t ics  of a horizontal-attitude ver t ical-  
take-off-and-landing (VTOL) airplane.  
numbers ranging from 0.6 t o  1 . 2  and angles of a t t ack  up t o  25'. 
longitudinal-stabil i ty charac te r i s t ics ,  including the  e f f ec t s  of 
horizontal-tail  negative-dihedral angle, were reported i n  reference 1. 
This previous study indicated t h a t  the horizontal  t a i l  with a dihedral 
angle of -30' yielded the  most desirable longitudinal-stabil i ty r e su l t s .  
Therefore, t h i s  horizontal t a i l  was chosen f o r  t he  l a t e r a l - s t a b i l i t y  
investigation. 
including the e f fec ts  of ve r t i ca l - t a i l  s i ze  and a ventral  f i n ,  are 
reported herein. The average tes t  Reynolds number based on the  mean 
6 6 aerodynamic chord varied from 1.42 x 10 t o  1.90 x 10 over the  Mach 
number range. 
This model w a s  t e s t ed  at Mach 
The 
The results of the l a t e r a l - s t a b i l i t y  investigation, 
b wing span, in .  
d drag coeff ic ient ,  F;/qS 
cD, i 
CL l i f t  coefficient, FL/qS 
c2 rolling-moment coefficient, Mx/qSb 
In te rna l  drag 
(2s in te rna l  drag coefficient (along body axis), 
ro l l i ng  moment due t o  s ides l ip ,  -, &2 per deg 
clP a P  
ef fec t ive  dihedral parameter 
P 
-c 2 
Cm pitching-moment coeff ic ient ,  %/qS 
Cn yawing-moment coeff ic ient ,  MZ/qSb 
cnP 




side-force derivative, -, *Y per deg 
as 
mean aerodynamic chord of exposed tail,  in. 
m e a n  aerodynamic chord of wing, in .  
e%, l b  
l i f t ,  l b  
s ide force, l b  
free-stream Mach number 
moment about X s t a b i l i t y  axis, in- lb 
moment about Y s t a b i l i t y  axis, in-lb 
moment about Z s t a b i l i t y  axis, in-lb 
s t a t i c  pressure at model base, lb/sq f t  
free-stream s t a t i c  pressure, lb/sq f t  
free-stream dynamic pressure, lb/sq f t  
Reynolds number based on wing m e a n  aerodynamic chord 
t o t a l  w i n g  area, sq f t  
m a x i m u m  thickness of wing section, in. 
m a s s  f l o w  through model 
mass flow through a free-stream tube of same area as i n l e t  
s t a b i l i t y  axes ( f ig .  2) 
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angle of attack of wing chord plane, deg 
P angle of s ides l ip  of body reference l ine,  deg 
Model components: 
B2 fuselage 
ventral  f i n  
horizontal t a i l  with -30' dihedral angle 
F2 
"30 
N wingtip engine nacelles 
small ve r t i ca l  t a i l  v1 
large ve r t i ca l  t a i l  v2 
W wing 
APPARATUS AND TESTS 
Tunnel 
The t e s t s  were conducted i n  the Langley 8-foot transonic pressure 
tunnel, which i s  a rectangular, slotted-throat,  single-return tunnel 
designed t o  yield aerodynamic data a t  transonic speeds. During t h i s  
investigation, the tunnel was operated a t  a stagnation pressure of 
approximately 1 atmosphere. 
of the tunnel air was kept constant a t  approximately Oo F and the stag- 
nation temperature was automatically kept at 121' F. 
t e s t  section have been presented i n  reference 2. 
To mbimize humidity e f fec ts  the dewpoint 
Details of the 
Model 
The model used i n  t h i s  investigation was 0.048 scale.  Dimensional 
de ta i l s  of the model are  presented i n  f igure 1 and table  I. 
The wing, which w a s  mounted high on the fuselage, w a s  unswept along 
the 50-percent-chord l ine .  
r a t i o  of 0.433. 
NACA 65A005 with blunt t r a i l i n g  edges. 
It had an aspect r a t i o  of 2.42 and a taper 
The streamwise a i r f o i l  sections were modified 
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edges was 30 percent of the maximum thickness of the loca l  a i r f o i l  
sect ion.  
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The fuselage, which had a fineness r a t i o  of 10.4, w a s  designed 
according t o  the supersonic area-rule concept and was p a r t i a l l y  indented 
t o  allow f o r  the  wing, nacelles, and t a i l  surfaces i n  order t o  give a 
favorable area dis t r ibut ion a t  a Mach number of 1.4. 
Two rm-type b lc t s  with boundary-layer diver ter  p la tes  were  mounted 
on the sides of the fuselage beneath the wing. 
i n l e t s  was exhausted at the  base of the model. 
The air  taken in to  these 
A large engine nacelle w a s  mounted on each wingtip. These nacelles 
had a fineness r a t i o  of 4.47, based on the t o t a l  cross-sectional area, 
inclu- t ha t  of the entering stream tube. 
Two geometrically sirnilax ver t ica l  tails, differ ing only i n  s ize ,  
and one ventral  f i n  were tested.  
back along the quarter-chord line at approximately 50'. 
horizontal  t a i l  was set a t  a dihedral angle of -Wo. 
various t a i l  arrangements axe presented in figure l ( b ) .  
All these ve r t i ca l  surfaces w e r e  s w e p t  
The all-movable 
Details of the 
Measurements and Accuracy 
Model forces and moments w e r e  measured by a six-component in te rna l  
strain-gage balance and converted t o  coefficients of lift, drag, pitching 
moment, ro l l ing  moment, yawing moment,  and l a t e r a l  force i n  the  s t ab i l i t y -  
axis system. The origin of the axis system was a center- 
of-gravity location a t  33 percent of the wing mean aerodynamic chord and 
14.15 percent of the m e a n  aerodynamic chord below the wing chord line. 
Accuracies of the coefficients are estimated t o  be within the  following 
limits : 
(See f i g .  2.) 
c L . . . . " . . . . . . " . . . . . . . . . . . . . . . .  +o .02 
G.............................. 50.004 
c, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20.01 
c 2 . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +-0.001 
c n .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.002  
c y . .  50.008 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
The angles of a t tack were determined t o  within +O.l?O by a pendulum- 
type inclinometer located in the st ing support and from a cal ibrat ion of 
the  deflection of the s t ing  and balance with respect t o  model load. 
of s ides l ip  w e r e  s e t  by means of couplings. 
Angles 
A calibration of s t ing  and 
balance deflection with resp indicated tha t  the angles 
a. * a .  a a * *  a a. .a . a a * * a  a. 
* a  a .  a .  a a * .  . a *  * * a  
a .  a .  . . a  a * * a  a a . a *  
L a a. a -0 .  -0 a . *a. a a a a a. a a 
a. . a *  a a * .  a a *a. a. 
a a  9.9 
a .  a .  a .  
a a a. a a. a 
a .  a .  a .  
a. a* .  a a a 
of s idesl ip  varied by about a quarter of a degree from the mean values 
used i n  t h i s  paper. Rakes of s t a t i c -  and total-pressure tubes located 
a t  the base of the fuselage and a t  the base of each nacelle were used 
t o  determine the in te rna l  drag and mass-flow ra t io s .  
coefficients are  estimated t o  be accurate t o  within f0.001. 
sure coefficients were obtained from static-pressure or i f ices  located 
a t  the base of the fuselage, a t  the base of each nacelle, and i n  the 
balance chamber. The accuracy of the base pressure coefficients i s  





The model w a s  tes ted a t  Mach numbers from 0.6 t o  1.2, with angles 
of attack from approximately -2' t o  approximately 25O and angles of 
s idesl ip  of approximately Oo, -3.25O, and -6.500. Configuration WB$"H0VI 
was also tes ted through the Mach number range a t  angles of s ides l ip  from 
2O t o  - l 5 O  and an average angle of a t tack of 3.25'. The actual  angles of 
a t tack varied by about f0.4' from the average value. During these t e s t s ,  
the average Reynolds number varied from 1.42 x 10 6 t o  1.90 x lo6. 
f i g .  3.)  
- 
(See . 
All t e s t s  were run w i t h  t rans i t ion  fixed. The 0.10-inch t rans i t ion  
s t r ip s ,  which consisted of grains of carborundum (approximately 0.012 inch 
i n  diameter) a t  an estimated density of 40 grains per inch, were located 
a t  the 10-percent-chord l i n e  on a l l  aerodynamic surfaces and a t  10 percent 
of the fuselage and nacelle lengths. 
Corrections 
Subsonic boundary interference w a s  negligible and no corrections 
for  t h i s  interference have been applied. 
boundary-reflected disturbances were reduced by tes t ing  the model several  
inches from the center l i n e  of the tunnel. 
interference have been applied. 
assumed condition of free-stream s t a t i c  pressure acting over the model 
base by use of the base pressure coefficients presented i n  figure 4 .  
drag data have not been corrected for  in te rna l  drag. 
coefficients a r e  presented i n  figure 5. 
The ef fec ts  of supersonic 
No corrections fo r  s t ing  




The mass-flow ra t io s  for  the fuselage and nacelles a re  presented 
i n  figure 6 as a function of Mach number- The s ix  force and-moment 
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0 0 0 0  
0 0  
0 0 0  
0 0  
0 0  
0 0.. 
0 0  
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0 0  
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coefficients are  presented as a function of angle of a t tack throughout 
the Mach number and sideslip-angle ranges for  the various model configu- 
ra t ions i n  tables  IX t o  V I .  In  figure 7, the force and moment coeffi- 
c ien ts  a re  presented as a function of angle of s idesl ip  throughout the 
Mach number range a t  an angle of attack of approximately 3.25' fo r  model 
configuration WB2ToV1. The e f fec ts  of ve r t i ca l - t a i l  s i z e ,  a ventral  
f i n ,  and the horizontal t a i l  on the la te ra l - s tab i l i ty  derivatives of the 
model are presented i n  figures 8, 9, and 10, respectively. 
DISCUSSION OF RESULTS 
The variation of rolling-moment coefficient with angle of s ides l ip  
was  generally l inear  fo r  
about 3.25'. (See f ig .  7(b).) The yawing-moment and side-force coeffi- 
c ien ts  varied l inear ly  with angle of sideslip f o r  p l e s s  than 8'. The 
lateral and direct ional  coefficients were therefore assumed t o  vary l in-  
ear ly  with angle of s idesl ip  up t o  
through the angle-of-attack range. 
were then obtained by dividing the coefficients f o r  
tables  X I  t o  VI) by the mGle of sideslip.  Since there i s  no proof of 
l inear i ty  of the data  throughout the ent i re  angle-of-attack range, the 
reader should exercise some caution i n  interpreting the l a t e r a l  and direc- 
t i o n a l  derivatives presented. I n  particular,  care should be exercised 
with those derivatives at  the higher angles of attack. 
B less than 4' f o r  an angle of a t tack of 
p = 4' 
Lateral and direct ional  derivatives 
f o r  a l l  configurations tes ted 
p = -3.2'j0 (see 
Effects of Vertical-Tail Size 
The configuration w i t h  the ver t ical  t a i l  off (WB$lH70) was direc- 
The addition 
negative) throughout the Mach number and angle- 
(See f i g .  8(a) .) 
resulted i n  a directionally stable con- 
(% t iona l ly  unstable 
of-attack ranges of the investigation. 
of the small ver t ica l  t a i l  
f igurat ion fo r  angles of a t tack  up t o  a t  l e a s t  1'. 
the  large t a i l  V2 
area) fo r  the small tai l  increased the s t a b i l i t y  of the configuration 
by about 15 t o  20 percent except a t  M = 1.13, where the increase was 
about 45 percent. 
became l e s s  effect ive i n  producing yawing moment. 
Vl 
Substitution of 
(which had approximately 33 percent more exposed 
A s  the angle of attack increased, the ve r t i ca l  t a i l  
The effect ive dihedral parameter fo r  the configuration without the 
ve r t i ca l  t a i l  was s l igh t ly  negative (Czp posi t ive)  a t  angles of a t tack  
near zero. Addition of the ve r t i ca l  t a i l  contributed 
a small s tab i l iz ing  component t o  the effective dihedral of the model. 
The effect ive dihedral was g e for  the configuration w i t h  
the large ve r t i ca l  t a i l  thro of a t tack  and Mach number 
(See f i g .  8(b) .) 
............... . . 0.. 0 .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  
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ranges of the investigation, with the exception of angles 
zero at M = 0.95, 1.00, and 1.05. 
of a t t ack  near 
I’ 
The variation of the la te ra l - force  derivatives with angle of a t t ack  
for  the three configurations ( f i g .  8 ( c ) )  i l l u s t r a t e s  the  decrease i n  
ve r t i ca l - t a i l  effectiveness with increasing angle of a t t ack .  
Effects of the Ventral Fin 
The addition of the ventral  f i n  t o  configuration WB$”HoV1 produced 
no noticeable change i n  the l a t e r a l  and d i rec t iona l  s t a b i l i t y  character- 
i s t i c s .  (See f i g .  9 . )  An inspection of the side-force coefficients 
l i s t e d  i n  tables  I1 and V I  f o r  the model with and without the  ventral  
f i n  reveals a l so  tha t  the ventral  f i n  w a s  v i r tua l ly  ineffective i n  pro- 
ducing side force.  Apparently, the ineffectiveness of the ventral  f i n  
w a s  caused by a combination of factors ,  two of which might have been the 
p a r t i a l  blanketing of the f i n  by the horizontal t a i l  and the  low aspect 
r a t i o  (0 .357)  of the vent ra l  f i n .  
Effects of the Horizontal T a i l  
Because of the  large amount of negative dihedral, the horizontal 
t a i l  had a s ignif icant  e f f ec t  on the lateral  and d i rec t iona l  s t a b i l i t y  
character is t ics  of the model. 
of Oo, the directional s t a b i l i t y  
t a i l  was generally from 39 t o  49 percent of the s t a b i l i t y  contribution 
of the small v e r t i c a l  t a i l .  
b i l i t y  contribution of the horizontal t a i l  decreased u n t i l  it became 
nearly ineffective a t  angles of a t tack near 20’. 
of 1.00, 1.05, and 1.13, the horizontal t a i l  w a s  ac tua l ly  destabi l iz ing 
a t  angles of a t t ack  near 20’. 
(See f i g .  10.)  A t  an angle of a t t ack  
contribution of the horizontal 
CnP 
A s  the angle of a t tack  increased, the sta- 
For the Mach numbers 
The horizontal t a i l  produced a large negative increment i n  the 
effect ive dihedral -C ’posit ive increment i n  c2B>. This e f fec t ,  
which attenuated with increasing angle of a t tack,  w a s  produced by the  
large negative geometric dihedral of the horizontal t a i l .  
l P  
The contribution of the horizontal t a i l  t o  the  side-force derivative 
decreased with increasing angle of a t t ack  throughout the  Mach number range 
The l i f t  coeff ic ient  for  configuration WB2NH30V1 a t  an angle of 
a t tack of approximately 3.25’ decreased s l igh t ly  with increasing angle 
of s idesl ip  a t  a l l  Mach numbers tes ted .  (See f i g .  7(a)  .) 
of increasing s ides l ip  on the drag coefficient w a s  small. 
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The pitching-moment coefficient increased rapidly w i t h  increasing 
angle of s idesl ip .  
w a s  t he  horizontal t a i l .  
t a i l  panel decreased rapidly with increasing angle of s ides l ip  because 
of the large amount of negative dihedral of the horizontal t a i l .  Con- 
versely, the effect ive angle of attack of the t a i l  panel on the leeward 
s ide of the fuselage increased with increasing angle of s ides l ip .  How- 
ever, the leeward t a i l  panel i s  pa r t i a l ly  shielded by the  fuselage and 
i t s  c s n t r i b t l o n  t.0 the  t o t a l  l i f t  is l e s s  than the contribution of the 
windward t a i l  panel. The net r e su l t  i s  a decrease i n  l i f t  on the  hori- 
zontal t a i l  surfaces with increasing angle of s idesl ip  and, because of 
the large moment arm, a large increase i n  posit ive pitching moment. 
This e f fec t  of the horizontal t a i l  i s  i l l u s t r a t ed  by a comparison of 
the pitching-moment coefficients for B -3.25' and -6.500 fo r  con- 
figurations W B p  and WBg (tables IV and V)  . 
The largest  contributing factor  t o  t h i s  t r i m  change 
The effective angle of a t tack of the windward 
30 
A smaller increase i n  posit ive pitching-moment coefficient with 
increasing angle of s ides l ip  i s  a l s o  evident fo r  the ta i l -of f  configu- 
ra t ion  (see table  V) . This e f fec t  was a r e su l t  of the high w i n g  loca- 
t ion  and w a s  previously noted i n  reference 3. 
tha t  a low horizontal- ta i l  location w i l l  produce a small increase i n  
posit ive pitching momefit with increasing aogle of s ides l ip .  
Reference 3 a l so  indicates 
An investigation t o  determine the l a t e r a l  and direct ional  s t a b i l i t y  
derivatives, including the e f fec ts  of ve r t i ca l - t a i l  s ize  and a ventral  
f i n ,  of a O.O&&scale model of a horizontal-attitude vertical-take-off- 
and-landing (VTOL) airplane a t  transonic speeds has led  t o  the following 
r e su l t s  : 
1. The addition of a small ver t ica l  t a i l  resulted i n  a direct ional ly  
s table  configuration C posit ive fo r  angles of a t tack up t o  a t  
l e a s t  1'. Use of a t a i l  with a 33-percent larger  exposed area increased 
the direct ional-s tabi l i ty  contribution of the ve r t i ca l  tail by 15 t o  
20 percent throughout most of the Mach nmber range of the investigation. 
The effect ive dihedral -CzB was generally posi t ive fo r  the configura- 
t ion  w i t h  the large ve r t i ca l  t a i l .  
ns 
2. The addition of a ventral  f i n  t o  the  configuration produced no 
noticeable change i n  the l a t e r a l  and direct ional  s t a b i l i t y  characteris- 
t i c s  of the model. 
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3. At an angle of atta!Ek O f @ ,  the directional-stability contri- 
.’ bution of the horizontal tail was generally from 39 to 49 percent of 
the stability contribution of the small vertical tail. 
stability contribution decreased with increasing angle of attack. 
This directional- 
4. The -30° dihedral angle of the horizontal tail produced a large 
negative increment in the effective dihedral of the configuration. 
5. The -30° dihedral angle of the horizontal tail produced a rapid 
increase in pitching-moment coefficient with increasing angle of side- 
slip throughout the Mach number range at an angle of attack of approxi- 
mately 3.250. 
Langley Research Center, 
National Aeronautics and Space Administration, 
Langley Field, Va., April 13, 1959. 
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W i q  : 
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(b) T a i l  arrangements. 











Figure 2.- System of s t a b i l i t y  axes. 
directions.  
Arrows indicate posit ive 
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Mach number, M 
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Figure 3.- Variation with Mach number of the average test dynamic pres- 
sure and Reynolds number based on the w i n g  mean aerodynamic chord. 
42 
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-a -4  0 4  8 12 16 20 24 28 32 
Angle of attack,a,deg 
( a )  Base of fuselage. 
Figure 4.- Variation of base pressure coefficients with angle of attack. 
. 
8 12 16 20 24 28 32 
Angle of attack,a,deg 
(b) Base of wing-tip nacelles.  Plain symbols indicate values fo r  star- 
board nacelle and flagged symbols indicate values for  port  nacelle. 
Figure 4.- Concluded. 
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Figure 5.-  Variation of in te rna l  drag  coefficient with angle of attack. 
1 
., 



















5 .6 .8 .9 I .o I .I I .2 I .3 
Mach number, M 
45 
Figure 6.- Variation with Mach number of the  range of mass-flow r a t i o  
fo r  the various model configurations. 
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(a)  'Variation with angle of s ides l ip  of l i f t ,  drag, and pitching-moment 
coeff ic ients .  
Figure 7.- Aerodynamic charac te r i s t ics  of t he  model. 
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Angle of attack,a,deg 
(a) Variation with angle of attack of yawing moment due t o  s idesl ip .  
Figure 8. - Effect of ve r t i ca l - t a i l  s i ze  on the l a t e ra l - s t ab i l i t y  deriva- 
t ives  of the model. f3 = k3.25'. 
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Angle of attock,a,deg 
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( a )  Concluded. 
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Angle of attack,a ,deg 
( b )  Variation with angle of a t tack  of rol l ing moment due t o  s idesl ip .  
Figure 8. - Continued. 
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(c )  Variation with angle of a t tack  of s ide force due t o  s idesl ip .  
Figure 8.- Concluded. 
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c 
(a) Variation with angle of attack of yawing moment due t o  s ides l ip .  
Figure 9.- Effect of the ventral  f i n  on the  l a t e ra l - s t ab i l i t y  deriva- 
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(b) Variation w i t h  angle of a t tack of rolling moment due t o  sideslip. 
Figure 9. - Continued. 
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Angle of attack, a, deg 
( c )  Variation with angle of a t tack of side force due to sidesl ip .  





Aqk of ottock, a ,  deg 
.) Variation with angle of attack of yawing moment due to sideslip. 
'igure 10.- Effect of the horizontal tail on the lateral-stability 
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(b )  Variation with angle of a t tack of ro l l ing  moment due t o  s idesl ip .  
Figure 10. - Continued. 
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Angle of attock, a, deg 
( c )  Variation with angle of attack of side force due t o  s idesl ip .  
Figure 10.- Concluded. 
